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FOREWORD

This final report was prepared by Martin Marietta under
Contract No. NAS1-11339, "Design, Fabrication and Acceptance
Testing of a Zero Gravity Whole Body Shower," for NASA-JSC.
The final report is contained in two volumes. Volume I is
a narrative of tasks performed during the contract. Volume II

contains detailed design and test data.
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DESIGN, FABRICATION AND ACCEPTANCE TESTING
OF A ZERO GRAVITY WHOLE BODY SHOWER

SUMMARY

This report describes the three - task effort conducted for NASA-
JSC under NASA Contract NAS1-11339 to design, fabricate and acceptance
test a zero-gravity whole body shower for the Space Station Prototype.
The technology base for the system design was that established under
previous development contracts (NAS1-9819,NAS1-9819 Mod I) performed
by Martin Marietta.

During Task 1 of the contract reported herein, clothes and dish
washer/dryer concepts were formulated with consideration given to
integrating such a system with the overall shower design. Water re-
cycling methods to effect vehicle weight savings were investigated
and it was concluded that reusing wash and/or rinse water resulted in
weight savings which were not sufficient to outweigh the added degree of
hardware complexity. Separate units or combinations thereof to wash
and dry clothing and dishes were analyzed on the basis of total vehicle
equivalent weight, power and volume. It was also concluded that what-
ever clothes/dish washer configuration is chosen, essentially the same
sterilization procedures and cleansing agents would be utilized, and a
weight penalty, depending on the concept chosen, of approximately
2.5 1b/day (1l.14 kg/day) is necessary.

Conceptual designs for various subsystems of the shower were also
formulated as part of Task 1. Preliminary tests and calculations were
performed on the evaporative drying (air drag) versus the towel drying
(vacuum piékup) concepts of showering, and on other related areas such

as temperature and humidity ranges.



Task 2 involved the formulation of preliminary and final designs
for the shower. A detailed comparison of the air drag vs. vacuum pick-
up method was prepared that indicated the air drag concept results in
more severe Space Station weight penalties; therefore, the preliminary
system design was based on utilizing the vacuum pickup method. Tests
were performed to determine the optimum methods of storing, heating and
sterilizing the cleansing agent utilized in the shower; it was concluded
that individual packages of pre-sterilized cleansing agent should be
used. Integration features with the Space Station Prototype (SSP) system

were defined and incorporated into the shower design as necessary.

Based on preliminary and critical design reviews the final system
design was prepared and presented in detail. The design has separate
modules for the showering area, electrical and mechanical components
and has special features to permit easy component access for in-flight
maintanence by component réplacement. (Figures 1-18, referred to in the
following text, show in detail the final shower configuration.) Shower
faults and failures are automatically detected from an instrumentation
subsystem which interfaces with a computer oriented space station fault
detection and isolation analysis system. Also in Task 2 interfaces with
the SSP were further refined, maintenance procedures were formulated,

and materials definition was completed.

For Task 3, the shower assembly was fabricated and tested. An
alternate air blower configuration was prepared in order to reduce
overall system noise from the high levels (95db at 2000 hertz) caused
by the SSP common 400 hertz blower. In addition, a revised liquid
level sensing system was incorporated into the liquid/gas separator sump
to eliminate problems caused by cleansing agent (soap) sudsing. The
shower assembly successfully completed the functional, performance and
demonstration tests as required. Six showers per day were taken as
part of the test program. An average of .66 gal water per shower,
which required approximately 9.7 min., was used at an average 59.7 watts

power consumption.



1.0 INTRODUCTION

With the advent of more sophisticated manned space missions
including increased crew size, mission duration and vehicle volume,
more emphasis is being placed on overall crew comfort. One of the
habitability features which can significantly enhance crew comfort and
‘motivation is the ability to cleanse the entire body in a zero gravity

environment. "

Recent research and development programs have established the
ability of the zero gravity whole body shower (ZGWBS) to maintain a
comfortable environment in which the crewman can safely cleanse and
dry the body. The purpose of this program was to further advance the
technology of whole body bathing and to demonstrate technological
readiness including in-flight maintainence by component replacement
for flight applications. The shower assembly contains zero-gravity
design features but is primarily designed for earth environment testing

in conjunction with other SSP hardware.

The three-task effort included conceptual designs and system
tradeoffs in Task 1, preliminary and final design in Task 2, and
fabrication and testing in Task 3. Based on overall contract per-
formance, the final design of the ZGWBS successfully demonstrated

satisfactory compliance with all specified parameters.

1.1 Mission Model

The design of the shower assembly and the investigation of
clothes and dish washer/dryer concepts are based on the following models:

Mission Model

Mission Duration 2 years
Resupply Capability 180 days
Gravity Mode Otolg
Mission Objective Space station/space base



Vehicle Model

Compartment Size:
Diameter (in.)

Height (in.)

Crew Model

Number of crewman
Height of man (ft)
Weight of man (1b)
Metabolic Activity (zero g)
Avg/24 hours
Atmosphere Model

Cabin Total Pressure
Gas Composition
Carbon Dioxide
Temperature (dry bulb)
Dew Point '

Water Use Model

Shower 80 1lb/man-day
Clothes Washing
Dish Washing

164
82

6
6
160-190
150% Basal Metabolism Rate

10.0 to 14.7 psia

3.5 psia Oxygen Diluent Nitrogen
0 to 3.0 mm Hg '

65° to 75°F adjustable

46 to 57°F, for any dry bulb temp.

48,0 1b/day (20.8 kg/day)
210 1b/day (95.5 kg/day)
90 1b/day (41.0 kg/day)

1.2 Subsystem Design Requirements

1.2,1 General

The general design requirements of the ZGWBS include

the following:

(a) Sufficient equipment to allow the crewman to bathe and

dry the whole body, including the head, while in the

shower.

(b) Provisions for the removal of body odors, perspiration,

oils, hair and particulate matter from the shower subsystem.

(c) Provisions for controlling micro-organisms in the shower

subsystem,



(d) Water collection features to retrieve the shower waste
water.

(e) Controls and distribution features to regulate the
shower input water.

(£) Adequate lighting, restraint devices, temperature,
humidity, and contaminant control features to provide
crew comfort and safety while in the shower.

(8) Cleaning agent storage and dispensing facilities.

1.2.2 Subsystem Requirements

Water Distribution and Controls - The ZGWBS in-

cludes a water distribution system (hose, valve and nozzle) which
ensures proper cleaning with minimum water usage. Water that meets
whole body bathing requirements is provided by the SSP water manage-
ment subsystem., This water is delivered to the shower at a tank
pressure of 28 psia. Provisions for heating the water to a comfort-
able temperature for bathing are included in the SSP water Management

subsystem.

Cleansing Agent Storage and Dispensing - The ZGWBS

utilizes a liquid cleansing agent contained in individual packages.
Storage for the total supply of packages required (1080) is provided
by the SSP system and the crewman obtains a package prior to each
shower. The stall interior includes a package holder for use during

showering.

Shower Stall Configuration - The shower stall (see Fig. 1)

includes a transparent door and is sufficient in size to allow adequate
movement of the crewman during showering and stall cleanup. Restraint

devices are incorporated to facilitate bathing in zero and one gravity.



Water Collection - The water utilized for showering

is retrieved by a vacuum pickup system and pumped to the SSP waste
water management subsystem interface. The pickup system allows the

crewman to collect water from free air and the stall walls and floor.

Maximum Shower Use - The maximum shower use is

6 showers in a 1.5 hour period with a 22.5 hour recovery time.

Design Loads - The shower system is designed to

withstand a 10g loading in any direction, primarily for shipping
reasons., A stress analysis has been performed to substantiate the

configuration chosen. (See Appendix D)

Personal Comfort Provisions - The following para-

meters are maintained within the shower stall for the crewman's com-

fort and safety:

Air Temperature 75 to 110°F (except if higher
air heater temp. is chosen)
Humidity 55 to 80% (controlled by pro-
cedure)
Carbon Dioxide 0 to 3 mm Hg
Noise NC-75 within stall|{89900000851-
NC-50 outside -019 Assy
Only
Instrumentation and Controls - Operational status,

subsystem performance, and fault detection and isolation are determined
by the instrumentation and controls included in the ZGWBS system. The
instrumentation provided is thoroughly compatible with the automatic

checkout equipment (ACE) utilized in SSP procedures.

1.3 Reliability and Quality Assurance Requirements

The ZGWBS is designed to be inherently reliable at the

subsystem level., Table 1 gives the reliability math model for the



zero gravity shower. Reliability and quality assurance provisions on
the program level are described in Drawing No. 89900000854, Final
Reliability and Quality Program Plan, included in Volume II to this

report,
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TABLE 1 - SUBSYSTEM: ZERO GRAVlﬂY SHOWER RELIABILITY MATH MODEL

|
|

T - g e i

i
ITEM FAILURE MODE QTY (N) FAILURE RATE * OPER, TIME (HRS) N T LAUNCH SPARES RESULTING
x 1076 UNRELIABILITY
Water Valve & Nozzle All Modes 1 1.0 270 0.000270 1 Spare 0.000001
Liquid/Gas Separator 1. External Leakage 1 .001 4320 0.000004 -- 0.000004
2. Clogging 1 1.0 270 0.000270 Assumes Ability to Clean 0.000001
3. Liquid Level Switches 3 1.0 270 0.001620 Outlet Port 1 Spare 0.000001
Blower 1. Inoperative 1 10.89 270 0.003210 1 Spare 0.000006
2. Speed Sensor 1 1.0 270 ‘ 1 Spare
Orifice Clogging 1 Neg. -- - - -
Flowmeter 1. Temp. Probe Assy 1 2.0 270
2. Electronics 1 2.6 270 0.001215 1 Spare 0.000001
Orifice Clogging (Inlet Port) 1 1.0 270 0.000270 Assumes Ability to Clean 0.000001
Inlet Port
Orifice Clogging 1 Neg. -- -- - -
Heater Fails Open 1 1.1 270 0.000297 1 Spare 0.000001
Temperature Sensor Drift 3 1.0 270 0.000810 1 Spare 0.000001
Pump 1., Pump Inoperative 1 8.4 270
2. Relief Valve (Fail Open) 1 0.3 270
3. External Leak (6-Seals) 1 0.33 4320 0.003774 1 Spare 0.000007
Flowmeter See Item FM3 1 4.5 270 0.001215 1 Spare 0.000001
Vacuum Pickup Clogging 1 .0 270 0.000270 Assumes Ability to Clean 0.000001
Inlet Screen
Air Temp. Control Unit Drift 1 .5 270 0.000676 1 Spare 0.000001
Relays R2 Thru R10 A1l Modes 9 1.0 270 0.002430 1 Spare 0.000003
Switches s1 "o 1 o 145% 4320 0.000005 1 Spare 0.000001
S2 ven 1 9. 14%% 4320 0.000605 1 Spare 0.000001
s3 woon 1 .02 4320 0.000086 Only Req. for Maint. 0.000086
S4 noon 1 o 14%% 4320 0.000605 1 Spare 0.000001
Light Bulb o 4 (.0 270 0.000270 1 Spare 0.000001
Circuit Breaker CBl-5 nvoon 5 .05 4320 0.001080 -- 0.001080
Total Expected
Failures 0.019581
Reliability .9988

* TFailure Rates Selected From SSP Document A22 (System Reliability

port)

%% Cyclic Failure Rate Converted to Hourly Assuming 6 Operations Per Day




AT T T T T e e

|

FINAL SHOWER CONFIGURATION

" FIGURES 1-18

(See Paragraph 4.0)
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Figure 1 - Front

Figure 1 - Front View of Shower Assembly
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Figure 3 - Shower Stall, Bottom Half
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Figure 4 - Shower Stall - Upper Half
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Figure 5 - Component Module Side (Rt)

14




Air Heater

.

’W ‘5,‘ ~ Component Module Side (Access Doors Open) ZWA

Figure 6 - Component Module Side (Access Doors Open)
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Figure 7 - Lower Component Module

Figure 7 - Lower Component Module
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Figure 8 - View of Lower Component Module (From Front of Shower)
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'(‘:ontx_:ci Enclosure .

Figure 9 - Waste Water Removal System
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Electrical Component Enclosure

“Figure 10 - Upper Component Module

' Figure 10 - Upper Component Module
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Figure 11 per Component Module
. {Door Open)

Figure 11 - Upper Component Module ( Door Open)
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Figure 12 - Upper Half of Elect. Compt.
Enclosure L. S.
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Figure 13 - Upper Half of Elect, Compt.
Enclosure R. S.
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Figure 14 - Lower Half of Elect, Compt.
Enclosure R. S,
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Figure 15 - Air Handling System
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Figure 16 - Left Side of Shower
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Figure 17 - Back of Shower
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Figure 18 - View of Upper Component Module (From Back of Shower)
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2.0 TASK 1 ~ CONCEPTUAL DESIGN

The objectives of Task 1 of this effort were twofold. First,
clothes and dish washer/dryer concepts consistent with the water use
model described in paragraph 1.1 were formulated. Water use and re-
cycling schemes as applicable to the shower system design were in-
vestigated, as was the possible commonality of cleansing agents and
sterilization techniques between the shower system and the clothes/
dish washer/dryer schemes. The second phase of Task 1 included the
preparation of conceptual designs for the various shower subsystems.
Tests and analyses were conducted as necessary to define and compare

the various concepts considered.

2.1 Clothes/Dishwasher and Dryer Concept Study

The clothes/dishwasher and dryer concept study was pre-
pared by the Hamilton Standard Division of United Aircraft Corporation

for Martin Marietta under subcontract number RC2-240004. The final

report for their work is published in Volume II. The major conclusions

of the study are:

1. Reusing wash and/or rinse water does not result in
significent vehicle weight savings. The most attractive
reuse approach is clothes rinse for clothes wash and dish
rinse for dish wash which saves only 207 1bs. (93.89 kg)
of vehicle equivalent weight. Of the 207 1lbs. (93.89 kg),
138 1bs., (62.60 kg) are for electrical power savings and
62 lbs. (28.12 kg) are for heat rejection penalty. Only
7 1bs. (3.18 kg) are for hardware savings. The added
degree of hardware complexity for cascading approaches
probably outweighs the benefits of weight savings.
Additionally, the relatively small weight savings are not

significant.

28



For clothes washers the standard top loading mechanical
oscillating agitator and fluidic agitator concepts and
the front loading water drive spray concept impose
essentially the same vehicle penalties and traded off

the best of all the concepts. The water drive spray
concept, however, is the most versatile when considered
for combinations of washers and dryers. (See Fig 19)

For clothes dryers, it is generally concluded for
minimum power and weight that drying times should be in
excess of 10.8 x 103 sec. (three hours). The forced

hot air electric dryer and the forced hot air dryer
utilizing heat from thermal storage are the most
practical competitive concepts. The forced cold dry

air desiccant electrical heat regeneration is competitive
weight-wise but is complex. The clothes line - forced
convection and the clothes line - forced convection plus
electric heat are the most weight competitive but require
an excessively large vehicle volume., (See Fig 20, 21 & 22)
For combination clothes washer/dryers, there are nine
competitive concepts that trade off within 160 1lbs. (72.57
kg) of each other when the drying time is assumed to

be at least 1l4.4 x 103 sec (four hours) (see Fig. 23)

A clothes-dishwasher-dryer combination has the potential
of significant weight, volume and power savings for small
increased hardware complexity. Either the water drive
spray washer/forced hot air electric dryer or the water
drive spray/forced hot air utilizing thermal storage, can
be considered viable candidate concepts for a final SSP
system concept.

The determination and commonality of cleaning agents and
sterilization techniques for like hardware such as clothes
washers and dishwashers can be the subject of another

study. However, it is apparent that it should have no

29
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influence on the results of this study since like

concepts require essentially the same sterilization pro-
cedures and cleansing agents.

It is noted that there are three methods of sterilization:
steam, hot water and bactericides. Steam sterilization
will result in an excessively large weight penalty because
a steam generator and condenser are required. Trapped
water in lines may also result and be difficult to remove.
The penalties associated with steam generation are briefly
discussed in the dishwasher/dryer section. Both the hot
water and bactericide method of sterilization are accept-

able.
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2.2 rad £ Study/Concept Evaluations

Previous contract efforts by Martin Marietta (See NASA
CR 112006) had determined that two principal methods of showering
and drying were available. Vacuum pickup is the optimum concept for

towel drying method and the air drag concept is optimum for the

-evaporation drying method. A series of tests and analyses were con-

ducted to define these respective systems and to establish other

system parameters,

2.2.1 System Tradeoff Study

- , This tradeoff analysis determined the better drying
technique for removing water from the human body and the shower stall
after showering. The two techniques to be considered are: (1) the
vacuum pickup for the shower stall with towel drying of the body, and
(2) the air drag system. Table 2 summarizes the results; the complete
analyses are contained in Appendix A. The following requirements or
assumptions have been established using the SSP and contract require-

ments:

1. The heat power penalty for heat added directly into the
cabin cooling circuit is @.35 x 1072 kg/watt) .054 lbs/
BTU/hr. The weight of extra valving and heat exchangers
to tap into the cabin cooling circuit must be added.

2. The heat power penalty for heat added directly into the
cabin is .074 1lbs/Btu/hr for the cabin plus .054 1lbs/
BTU/hr for the cabin cooling circuit for a total of .128
1bs/Btu/hr.

3. The vehicle electrical power penalties are as follows:
a. 591 1bs/kw for continuous DC power.

b, 710 1lbs/kw for continuous AC power.
c. 270 1bs/kw for sunlit DC power.
d. 351 1bs/kw for sunlit AC power.
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Table 2 Shower System Tradeoff Analysis

Shower Concept

Description and Components

Vacuum Pickup

Air Drag

Operating Conditions

45 cfm at 10" water
static pressure

470 cfm at 6" water
static pressure

Condenser

Not required

Required including
Heat Exchanger

Drying Technique

Towel plus 10 cfm bleed

Evaporation plus 10
cfm bleed

System Description

Closed loop

Closed loop

Shower Stall Temperature (Inlet)| 100°F DB 120°F DB
Shower Power Concumption, watts
(AC)

Blower 88 549.9
Air Heaters 104 4705.6
Water Pump 57.5 57.5
Condenser Pump -- 57.5
Electronics Neg. Neg.
Total Watts 249.5 5370.5
SSP Equivalent Weight (1bs) 177 3814
Towel Wash/Drying
Clothes Washer/Dryer Weight (1lbs) 1104 --
Sensible/Latent Heat Loads
Shower Bleed to Cabin (Btu/hr) 820 702
Shower Door to Cabin (Btu/hr) 372 271
Moisture Carried Out By Crewmen 264 264

(Heat of vaporizatidn) 1456 Btu/hr 1237 Btu/hr

Total
SSP Equivalent Weight (1bs)

2180 Btu/Day

107.6 lbs
e e = =

1858 Btu/Day
91.5 1b4d
-

Condenser Load (Btu/hr) None 14,965
SSP Equivalent Weight (1bs) --- 808
Total SSP Equivalent Weight (1lbs) 1388.6 4713.5
Shower System Components
Shower Stall Assembly (lbs.) 148 148
Components Module Assy (lbs.) 173 234
Instrumentation 36 36
357 418
Total Spacecraft Weight for
Shower System (1bs.) 1745.6 &_
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10.

11.

The wash cycle usage rate is 110 lbs. consisting of 55 lbs.
for washing and 55 1lbs. for rinsing.

The wash size is estimated at approximately 4.0 lbs.

(1.81 kg).

Spares weight is not included in this study.

It is assumed that effective spin drying from the washer
concepts may be achieved and that a residual content of

1 1b (.454 kg) of water will be remaining in the six
towels,

The crewman shall bathe, dry the whole body, and remove

the water from the shower stall within 15 minutes. A total
of six showering and drying operations per day in a one

and one-half hour interval shall be performed.

Wash and dry cycle for the six towels is assumed to require
five hours, one hour wash and 4 hours drying.

The heat power penalty for heat added directly into the
cabin through the shower walls and when the shower door is
opened after a shower is assumed equal for both concepts.
Therefore, this penalty is included as a shower system
penalty.

The total weight of the clothes washer/dryer is used as a
weight penalty for the vacuum pickup concept. However, if
the SSP requires a clothes washer/dryer for other purposes,
the weight of the components, approximately 20% of the total
weight penalty of the washer/dryer, should be subtracted from

the vacuum pickup system weight penalty.

2.2.2 Concept Evaluations

Other tests conducted to verify sizing of the system

blowers or to define other system parameters were completed
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2.2.2.1

Water Pickup - The objective of this test was to help

size the vacuum concept system blower, and determine

the efficiency of vacuum pickup in a one-g environment:

(a) the vacuum hose fully submerged in water, and (b)

pulling a film of water off a surface.

Test equipment included a 90 CFM max, 50 in. water vacuum

blower, LGS, Rotometer flow meter, 1-1/4 I.D. corrugated

vacuum hose and water containers.

Data on air flow rates, initial water quantity, time to

pick up water, and remaining water quantity (in container

and/or hose) were recorded. See Table 3. The test results
showed that:

° A minimum velocity of 51 ft/sec is needed to pickup
water off of a one-g surface and retain it in the
hose.

° Water was trapped in the hose under all test con-
ditions and would drain from the hose after the
blower was shut off. Note, this is because of the
hose corrugations and a smooth hose or procedures
to raise the hose head thus draining the water to
the LGS must be initiated.

] With the vacuum hose submerged in 500g of water,
pickup times of 3 to 5 seconds were recorded.

° Using the vacuum hose to pull 200g of water off a

surface required 20-35 seconds.
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2.2,2.2 Shower Air, Temperature & Humidity - The objective of the
test was to determine the heat added to the air stream
by the blower, shower warmup times, the temperature drop
through the shower stall and humidity increases to verify
contract statement of work requirements.
Test equipment included a vacuum blower, flow meter, shower
stall and wet bulb/dry bulb thermometers.
Data on shower inlet and outlet dry bulb and wet bulb
temperatures, wetting water quantity and temperature, and
air flow rates were recorded, see Tables 4, 5, 6, & 7. Tests
results determined that:
° The Rotron blower added significant heat to the
air stream: avg of 44OF per pass.
(] There is considerable cooling of the air through
the shower stall, note that the shower outlet
temperatures are only a few degrees above ambient.
° Temperature and humidity can be raised to a com-
fortable range (77°F DB 60% RH) by procedure

within 5 minutes of blower startup.

As a result of these studies and tests it was concluded that the
vacuum-pickup concept has the least impact upon SSP design; there-
fore, it was recommended for prototype design and the air-drag

concept was eliminated from further consideration.
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2.2.2.3 Bulk Liquid Soap Evaluation - Tests were performed
to establish a method and design configuration to
maintain pasteurization conditions in bulk liquid
MIRANOL C2M-CONC and MIRANOL C2M-SF conc. soaps, and
to dispense soap in prescribed amounts to the shower.
The tests are described in Appendix B. From the tests
it was found that strip type heaters can achieve
desired temperatures but must be used indirectly and
apply heat slowly (i.e. low wattage). It was also
determined that temperatures greater than 145°F
produce adverse effects - primarily frothing and boiling.
Testing related to soap delivery indicated it would be
difficult to supply the soaps to the shower using con-
ventional plumbing and controls. There was a per-
sistant plugging problem and a 10 psig delivery pressure
was insufficient., Problems encountered during these
tests led to selecting an alternate method of soap
dispensing and storage, prepackaged soap in small

sealed bags.

2.2.2.4 Bleed Air Flow and Pressure Drop Analyses - The

partially closed air recirculation loop utilized by the
ZGWBS allows the €O, level in the shower stall to build
up during its use to some point above ambient concentra-
tions. To ensure that the maximum level reached during
a 1l5-minute shower is not higher than 3.0 mm Hg (as
identified in ZGWBS S.0.W.) for a given bleed flow rate,
the C02 concentration at a specific CO2 generation rate,
system volume and CO2 ambient level must be caltulated.
In order to minimize system weight, the lowest possible
bleed rate necessary to maintain proper 002 levels must’

be sought.
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Analyses of bleed rate requirements and total system
pressure drops are in Appendix C. They show a 10 cfm
bleed rate for the ZGWBS will be sufficient to

insure that the COp level will not exceed 3.0 mm Hg during
a 15 minute shower.

In order to determine the operational characteristics of
the blower utilized in the ZGWBS, the total system
pressure drop must be determined. This system pressure
loss in turn fixes the static pressure and, thus, the
volumetric air flow rate at which the blower will

operate. The static pressure versus air flow charac-
teristics for the particular blower chosen for use are
illustrated in Figure 24.

Superimposed wupon the figure are the calculated pressure
5.86 in HpO, and flow, 51 cfm, determined from the analy-

sis described in Appendix C.
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Figure 24 Static Pressure vs Flow Rate for Rotron Spiral SL2EA2 Blower
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3.0 TASK 2 - PRELIMINARY AND FINAL DESIGN

Task 2 was divided into the preliminary and final design phases
of the shower system. Since there was considerable evolution from
the detailed preliminary design to the actual final design, only a
brief description of some of the design alternatives considered for
preliminary design will be presented here; the major emphasis is

placed on the detailed final design of the shower.

3.1 Preliminary Design

3.1.1 Stall Configurations

Several factors were considered in determining the shower stall
configuration. These considerations were (1) size for proper
man/stall relationship, (2) ease of water collection, (3) minimum
floor space and volume, (4) ease of cleaning and disinfecting after
use, (5) satisfy modular construction requirement, and (6) ease of

maintenance and repair.

The internal minimum dimensions of the shower stall were determined
totally by the anthropometric data for the crewmen. The mission
model requires that the shower be designed for a crewman six (6)
feet high and weighing 190 pounds (maximum). Since these limits
fall within the height and weight maximum for the 95th percentile
man (as defined by the Biloastronautics Data Book), they must be
used as the primary basis for defining stall dimensions. In addi-
tion to these measurements, clearance must be provided to allow the
necessary motions required for body and hair wetting, scrubbing and
rinsing operations, and to permit the movement required for drying
of the body and cleanup of the stall. A foamcore mockup was fab-
ricated and these required motions were measured by utilizing a
72-inch-tall subject weighing 195 pounds going through simulated
showering motions, water collection, and cleaning and disinfecting

after showering.
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Table 8 indicates the design dimensions to allow adequate move-
ment of the crewman to bathe all parts and areas of his body along

with corresponding dimensions of a 95th percentile man.

Table 8 Shower Dimensions

95th Percentile Required
Man (in,) Dimensions (in.)
Width at Shoulders 20.1 30.25
Height 72.0 79.5

The internal surfaces of the stall are TFE teflon coated (3 mils)
to provide a smooth non-wetting surface that may be easily cleaned.
In addition, a minimum of 2 inch radii are provided in all cornmers

for cleaning ease and prevention of microorganism growth.,

The floor of the stall has a rough surface to provide a non-slippery
surface for use in one gravity., Foot restraints were designed for zero
gravity use. The ceiling includes a polysulfone covering over the light

assembly.

The top half of the door also includes a transparent section to provide
additional light in the shower stall and also to prevent possible
claustrophobia. The door closure is held by magnets along the door seal.
This permits easy ingress/egress operations, does not interfere with

showering operations, and provides for a smooth interior surface.

3.1.2 Water Distribution and Control Techniques

The two basic criteria that establish the amount of water used or
wasted and the effectiveness of the shower itself are nozzle type
and location. They determine the manner in which the water is
sprayed on the subject during wetting and rinsing operations.
Nozzle pattern pertains to the manner in which the water is dis-

persed and the corresponding spray angle., Figure25 shows three
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CONF IGURATION

NAME

DESCRIPTION

Hollow Cone

Solid Cone

Concentrated liquid at the outer edge.

Uniformly distributed spray pattern and
optimum nozzle in test (Contract
NAS1-9819) permits wetting over a uniform
area quickly, with strong scrubbing
action for rinsing.

Flat Spray

Reasonably uniform droplet distribution
narrow elliptical spray. =

Figure 25

Spray Configurations

LOCATION | NAME DESCRIPTION
= Fixed Requires body to be continuously

repositioned to wet skin, excessive
water use.

Manifold Easily wets skin; difficult to rinse
body folds; excessive water use.

Hand -Held On/off thumb control; localized spray

Movable provides controlled wetting; controlled
rinsing action of skin folds; minimum
water usage. :

Figure 26 Nozzle Locations

Table 9  Water

Collection Techniques

SYSTEM TECHNIQUE

ADVANTAGES

DISADVANTAGES

Air Drag Use of Shear Flow

Forces of a moving stream
of air at 33 fps along a
surface and 0.5 fps in

a free volume.

Some evaporative drying
if incoming air has low
humidity. Good removal
of air and H,0 without
manual scraping by
crewman.

Severe power penalties to
achieve required gir ve-
locity along surfaces of
stall and to heat air.
Noise is uncomfortable.

Vacuum Pickup | Variation of Air Drag

High-pressure vacuum-type
blower to extract excess
H,0 from walls with a
flexible hose and a
special H,0 pickup head.

Some evaporative drying
if incoming air has low
humidity. More positive
water removal.

Requires manual scraping
by crewman. Towel drying
is necessary.

Evaporation Evaporation and vaporiza- Crewman can dry from Low takeup by air; severe
tion will occur when an unsaturated airstream. power penalties; excess
unsaturated airstream moisture bled to cabin;
comes in contact with addition of condenser to
water. "dry" air. Time factor

for drying is high.

Mechanical A combination of a Tow Low power penalty. Added task required of

Scraper airflow drag and use of a Efficient removal of crewmen.
wall scraper to direct water and air.
the H,0 to the stall.

Two-phase outlet size at

33 fps.
Towels and Utilization of capillary No readjustment to new Interface of this tech-
Sponges action of absorbent drying technique. nique with an additional

materials.

H,0 relocation unit.
Possibility of microbial
growth in these collec-
tion items. Requires
additional expendables,
hardware and power.




types of nozzle spray configurations. Spray angles to provide
coverage (without overspray) of various body areas such as the

arms have been investigated and reported in NASA CR-112006. A

25° cone angle was determined optimum. The minimum pressure
necessary for a well-developed spray cone is 10 to 15 psi. Beyond
this, pressure has a relatively minor effect on spray cone develop-
ment. Nozzle location is best evaluated by comparing the capability
of wetting and rinsing the skin with the amount of water utilized.
Figure 26 shows three general nozzle locations. The solid cone spray
with the hand held moveable nozzle concept has been designed into

the shower system,

3.1.3 Water Collection Techniques

Techniques for water collection in a zero-g environment dictate the
design of the SSP whole-body shower. These techniques utilize either
airflow or mechanical devices to collect the surface tension-dominated
water, Airflow techniques are air drag, vacuum, and evaporation.
Mechanical devices include mechanical scrapers used in conjunction
with a low airflow, towels, and sponges. The advantages and dis-

advantages of each of these techniques are described in Table 9

(NASA CR—112006)established that 33 fps was the necessary velocity
to move water in a zero gravity environment. Since the SSP shower
will be utilized in a one gravity test chamber, data in a one gra-
vity environment was established as reported in monthly progress

narrative no. 1 (MCR-72-69, Issue 1), The summary of the data was

as follows!

. A minimum velocity of 51 ft/sec is needed to pickup water off
of a one~g surface.
. Some water was trapped in the hose because of the hose corru-

gations, A smooth hose would prevent this problem,
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3.1.1.4 Cleansing Agent Storage and Dispensing

The two techniques that were investigated included the following

concepts:

1) Bladder storage tank, daily supply batch heater tank for
sterilization, and pump dispenser.

2) 1080 (3/4" x 1" x 3-1/4") packages of pre-pasteurized soap

' that has no active growth of microorganisms., Storage in
trays with a separate revolving tray for mechanical dispen=

sing of one week's supply (42 packages).

Technique No. 1 requires a volume of approximately 3409 in3, weighs
approximately 30 pounds and utilizes approximately 55 watts of elec-
trical power. Technique No. 2 requires a volume of approximately

4303 ins, weighs approximately 20 pounds and utilizes no power.

Paragraphs 2.2.2.3 & Appendix B summarize testing accomplished in conjunction
with technique no. 1 utilizing Miranol C2M, The complexity, relia-
bility and maintainability of this system is summarized as follows:

. Pasteurization techniques are necessary as a crewman's hands
come into contact with the dispensing device and microorganisms
can be transmitted back to the storage tank.

« Achieving pasteurigation requires close control of the heating
process to prevent changing the charﬁcteristics of the cleansing

agent,

. Check valves and other controls proved to be unreliable due to
plugging with the relatively viscous Miranol C2M which tended
to thicken and dry when in contact with air. |

. Daily cleaning of the dispensing device was required.

. Daily requirement to activate the pasteurization process. This
must be aécomplished at a specific time so that the cleansing

agent's temperature would be safe for contact by the crewman.
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Technique No. 2 solves the shortcomings of technique no. 1 but
does create additional packaging expendables. This does not appear
to be a major problem, and therefore, technique no. 2 was selected

as the baseline system.

3.1.5 SSP Integration Features

The interfaces between the shower system and the SSP
which were integrated into the preliminary design along with SSP

guidelines and criteria, are listed in the following paragraphs.

3.1.5.1 Fresh Water Delivered

Frequency/Crewman 1 day
Quantity (lbs/shower) 8.0
Delivered H,0 Temperaturek(oF)

Range 105 + 5°F
Delivered Flow Rate (1b/min) 5.0
Delivered Hy0 Pressure (Psig) 25-32

Cleaning Agent
Type Castile Soap
(Fisher Scientific 00-5-197) or
Miranol CoM

(Miranol Chemical Corp.)

Concentration (% by weight) 0.1
Delivered HZO Quality
pH : 6.0-8.0 at 25°C (77°F)
Total Solids 500 mg/liter
Taste & Odor none at threshold Odor #3
Turbidity 11 units
Color, True 15 units
Total Organics 100 mg/liter, max
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Particulate Size Range

0-10 microns
10-25 microns
25-50 microns
50-100 microns
100-250 microns

Ionic Species

Aluminum
Cadmium
Chloride
Chromium (Hexavalent)
Copper
Iodide
Iron

Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silica
Silver

Zinc

Sterility

No., of Particulates/
500 ml Fluid

unlimited
1000

200

100

10

For refere